Fibronectin, hyaluronan, and a hyaluronan binding protein contribute to increased ductus arteriosus smooth muscle cell migration.
"Intimal cushions" which develop in the late gestation lamb ductus arteriosus (DA) are characterized by smooth muscle cells migrating into a large subendothelial space. Our previous in vitro studies, comparing DA cells with those from the aorta (Ao), have shown, even in early gestation, a 10-fold increase in DA endothelial incorporation of hyaluronan into the subendothelial matrix, a 2-fold increase in smooth muscle fibronectin synthesis and, in response to endothelial conditioned medium, a 2-fold increase in chondroitin sulfate. To determine whether these extracellular matrix components may be playing a role in inducing DA smooth muscle migration, we seeded Da or Ao smooth muscle cells onto three-dimensional collagen (2.0 mg/ml) gels and assessed migration 2, 5, and 8 days later. After 8 days, significantly greater numbers of DA compared to Ao cells were found invading the gels (23.1 +/- 3.1% vs 16.2 +/- 2.3%, P less than 0.01). Addition of GRGDS peptides (0.5 mM) or antibodies against fibronectin significantly decreased migration in the DA cells, but had no effect on migration in the Ao. Addition of endothelial conditioned medium to induce smooth muscle chondroitin sulfate production had no effect on DA cell migration. Inclusion of hyaluronan in the gel (0.5-1.5 mg), however, further enhanced DA cell migration, being greatest (31.9 +/- 3.1%) at a concentration of 1 mg/ml. Hyaluronan was without effect on Ao smooth muscle cell migration. The ability of hyaluronan to promote migration in cultures of DA smooth muscle cells was blocked completely by the addition of antibodies (1:100 dilution, 1 micrograms/ml) to a cell surface hyaluronan binding protein (HABP). As well, addition of anti-HABP to cells on gels containing collagen only significantly reduced migration in the DA but not the Ao. Immunofluorescent staining revealed that in DA cells, HABP was more concentrated in lamellipodia and leading edges than in Ao cells. As well, DA smooth muscle cells synthesized greater amounts of HABP as determined by Western immunoblotting and immunoprecipitation using polyclonal antisera to HABP. Thus, our studies indicate that both increased fibronectin and HABP contribute to the enhanced migration of DA smooth muscle cells. These results, together with our previous studies showing a 10-fold increase in hyaluronan accumulation in the DA endothelial matrix, would suggest a mechanism for increased DA smooth muscle migration into the subendothelial matrix observed in vivo.